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A DEVICE FOR FIXING A VACUUM PUMP 

The present invention relates to vacuum pumps having 
a high speed of rotation that are secured and connected 
to a stationary structure such as a vacuum enclosure or a 
pipe for generating a high vacuum. 

In the electronic or micromechanical components 
industry, methods of machining or plasma treatment are 
used that are performed in an enclosure where it is 
necessary to maintain a controlled vacuum atmosphere. 

Generating a vacuum requires pumps to be used that 
are capable of generating a high vacuum quickly and of 
maintaining it, which pumps should be adapted to the 
method of machining or treatment. In general, the pumps 
are used are of the turbomolecular type, comprising a 
pump body in which a rotor is driven to rotate at high 
speed, e.g. at more than 30,000 revolutions per minute 
(rpm) . 

With such a high speed of rotation, the rotor 
acquires a very high level of kinetic energy. 

The pump body has a suction orifice on its axis, 
which orifice is connected to an outlet orifice from the 
stationary structure, such as the vacuum enclosure or 
pipe. In general, the pump is secured solely to the 
stationary structure such as the vacuum enclosure or 
pipe, and it is supported solely by the zone surrounding 
the suction orifice of the pipe and the corresponding 
orifice of the stationary structure. Thus, the pump body 
has an annular flange coaxially surrounding the suction 
orifice, with tapped holes being provided in the wall of 
the stationary structure around its outlet orifice, and 
through holes being provided in the coaxial annular 
flange of the pump body, so that headed screws can be 
engaged with their shanks passing through the through 
holes in the flange and being screwed into the associated 
tapped holes in the stationary structure in order to 
secure the vacuum pump to the stationary structure by 
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pressing the flange against the wall of the stationary 
structure . 

In traditional manner, the shanks of the screws are 
circular cylinders each having a smooth segment passing 
5 through a through hole ot diameter slightly greater than 
the diameter of the shank, and an end segment that is 
threaded so as to screw into an associated tapped hole. 

Standards lay down respective dimensions for the 
flange, the screws, and the necessary holes, and also for 
10 the number of screws and holes, depending on the 
diameters of the pumps. 

Thus, for a turbomolecular pump of the ATHM type 
from the supplier Alcatel, the pump is fastened by 
providing a flange of DN 250 iso-F type with twelve 
15 screws of MIO type each having a shank with a length of 
about 30 millimeters (mm) and a diameter of 10 mm, and 
the holes in the flange and the stationary structure have 
a nominal diameter of 11 mm. 

Such a fastener structure gives full satisfaction 
20 under normal conditions of use, thus making it possible 

to withstand the mechanical forces generated by operation 
of the vacuum pump during normal use . 

However, it has been found that an insurmountable 
difficulty can arise in the event of the rotor of the 
25 pump being acGidentally destroyed while rotating at full 
speed. Under such circumstances, the rotor running at 
its full .speed of rotation becomes unbalanced and can 
strike the wall of the pump body violently, thereby 
imparting a transverse or radial displacement thereto, 
3 0 and can rub .gtrongly against the wall of the pump body, 
thereby imparting a coaxial rotary torque thereto. 
Because of the large amount of energy that is accumulated 
in the rotor when rotating at high speed, the mechanical 
stresses applied by the rotor to the pump body are very 
35 high, and these stresses are transmitted to the system 
for fastening the vacuum pump to the stationary 
structure. This results in violent shear forces being 
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applied to the fastener screws, and in present-day 
structures it can happen that these forces lead to total 
rupture of the screws. The pump then becomes detached 
from the stationary structure and constitutes a dangerous 
projectile that can hurtle through the premises in which 
the pump was being used. 

The invention seeks to devise a modification to the 
fastener structure tor vacuum pumps which, while 
remaining compatible with the standards presently in 
force, also serves to increase capacity for retaining the 
vacuum pump on the stationary structure and avoids the 
fastener screws rupturing and the pump becoming detached 
in the event of the rotor bursting while rotating at full 
speed. 

To do this, the invention takes advantage of the 
observation whereby the risk of the screws rupturing is 
reduced when the through holes in the flange in which the 
screws are received allow the shanks of the screws a 
certain amount of space for deformation in bending. 

Thus, to achieve this object, and others, the 
invention provides a fastener system for fastening a 
vacuum pump to a wall of a stationary structure, in which 
a coaxial annular flange is provided on the vacuum pump 
body around the suction orifice, tapped holes are 
provided in the wall of the stationary structure, through 
holes are provided in the coaxial annular flange, and 
screws having heads are fitted so that their shanks pass 
through the through holes and are screwed into the 
associated tapped holes in order to secure the vacuum 
pump to the stationary structure while pressing the 
flange against the wall of the stationary structure; 
according to the invention, each through hole comprises a 
distal segment that is circularly cylindrical followed by 
an enlarged proximal segment that is adjacent to the wall 
of the stationary structure, making it possible, in the 
event of shear forces being applied in the connection 
zone betvjeen the vacuum pump and the stationary 



structure, for the shank of the screw to bend and for the 
through hole to be offset laterally correspondingly 
relative to the associated tapped hole. 
In a preferred embodiment: 

- the proximal segment of the through hole is of a shape 
such that during bending of the screw shank until it 
comes into abutment against the side wall of the proximal 
segment of the through hole, the lateral offset that is 
possible between the through hole and the associated 
tapped hole is greater than the radius of the screw 
shank ; and 

- the proximal segment of the through hole is of a length 
greater than the length of the distal segment of the 
through hole. 

As a result, deformation of the screw shank is 
distributed better, thereby improving its ability to 
withstand rupture. 

In practice, and advantageously, the proximal 
segment of the through hole includes a circularly 
cylindrical proximal portion that is connected to the 
distal segment of the through hole by a circularly 
frustoconical distal portion. 

For example, the frustoconical distal portion may 
have a cone half-angle equal to about 60°, thereby 
facilitating manufacture, and in particular machining, of 
the through hole. 

An improvement in ability to withstand rupture can 
also be obtained by ensuring that the screw shank 
comprises, adjacent to the head, a smooth shank segment 
of diameter that is considerably smaller than the 
diameter of the distal segment of the screw hole, and 
that is followed to a free end by a threaded segment 
shaped to screw i nto the associated tapped hole . 

In practice, and advantageously, the diameter of the 
smooth segment of the shank may be selected to be less 
than or equal to 80% of the diameter of the distal 
segment of the through hole. 
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When the screw shank has a diameter that is 
considerably smaller than that of the hole, provision can 
advantageously be made for the proximal segment of the 
through hole to have a length that is greater than or 
equal to 1.5 times the length of the distal segment of 
the through hole. 

Preferably, a washer is interposed between the head 
of the screw and the adjacent outside face of the flange. 

A further improvement in the mechanical strength 
properties is also obtained by providing an elastomer 
type damper material which is inserted in the space 
between the screw shank and the corresponding through 
hole in the flange. Such a material dissipates, in the 
form of heat, a fraction ot the energy coming from the 
destruction of the rotor, thereby correspondingly 
relieving the screw shank. 

In another aspect, the invention provides a vacuum 
pump provided with a fastener flange having through holes 
in compliance with the system as defined above. 

Other objects, characteristics, and advantages of 
the present invention appear from the following 
description of particular embodiments, given with 
reference to the accompanying figures, in which: 

- Figure 1 is a diagrammatic longitudinal section view 
showing a turbomolecular pump structure and how it is 
fastened to a stationary structure such as a vacuum 
enclosure; 

- Figure 2 is an enlarged view of detail A in Figure 1, 
showing the prior art structure of the fastener means 
conventionally used for holding a turbomolecular pump; 

- Figure 3 shows the shear forces applied to the Figure 2 
fastener structure in the event of accidental destruction 
of the rotor while rotating at full speed; 

- Figure 4 is a diagrammatic section view of a modified 
fastener structxire const i t\]ti ng an embodiment of the 
present invention; and 



- Figure 5 is a plan view of the turbomolecular pump 
modified in accordance with the present invention, 
showing the annular flanqe and the fastener holes of 
modified shapes. 

Reference is made initially to Figure 1 showing the 
structure of a vacuum pump 1 of the turbomolecular type, 
secured to the wall 2 of a stationary structure 3 such as 
vacuum enclosure. 

The turbomolecular vacuum pump 1 comprises a pump 
body 4 in which a rotor 5 rotates at high speed about an 
axis of rotation I. The pump body 4 has a suction orifice 
6 on the axis, through which the pumped gas 7 penetrates, 
and an exhaust orifice 8 through which the outlet gas 9 
is exhausted. The rotor 5 is rotated in the pump body 4 
by an internal motor 10, and it is guided laterally by 
magnetic or mechanical bearings 11 and 12. 

The wall 2 of the vacuum enclosure 3 has an outlet 
orifice 13 corresponding to the suction orifice 6 of the 
vacuum pump 1, and generally constitutes a closed 
enclosure that is isolated from the outside and in which 
the vac\nim pump 1 can establish a controlled vacuum. 

A coaxial annular flange 14 is provided on the 
vacuum pump body 4 around the suction orifice 6 in order 
to fasten the vacuum pump 1 to the wall 2 of the 
stationary structure 3 constituted by a vacuum enclosure. 
Thus, the vacuum pump 1 is fastened to the wall 1 of the 
stationary structure 3, such as the vacuum enclosure, 
around the periphery of the outlet orifice 13 and the 
suction orifice 6- 

In compliancfe with the standards presently in force, 
tapped holes are provided in the wall 2 of the stationary 
structure 3, which holes are distributed around the 
outlet orifice 13, and through holes are provided in the 
coaxial flange 14, with headed screws being fitted so 
that their shanks pass through the through holes and are 
screwed into the associated tapped hole.s in order to 
secure the vacuum pump 1 to the stationary structure 3 by 



pressing the flange 14 against the wall 2 of the 
stationary structure 3 . 

Figures 2 and 3 show a prior art fastener system 
complying with the standards presently in force. This 
figure shows a fragment of the coaxial annular flange 14 
forming part of the pump body 4, and the wall 2 of the 
stationary structure with a tapped hole 15. The flange 
14 has a circularly cylindrical through hole 16. A screw 
17 having a head 18 and a shank 19 is fitted so that its 
shank 19 passes through the through hole 16 in the flange 
14 and is screwed into the tapped hole 15 in the wall 2. 
The diameter of the shank 19 of the screw 17 is slightly 
smaller than the diameter of the through hole 16 in the 
flange 14, leaving no more than the usual functional 
clearance of about 0 . 5 mm between the shank 19 of the 
screw 17 and the wall of the through hole 16. 

Figure 3 shows the same items identified by the same 
numerical references. In the event of the rotor being 
destroyed while rotating at full speed, the kinetic 
energy accumulated in the rotor is transmitted to the 
pump body 4 which tends to move laterally. This applies 
shear stresses to the screw shanks 19, as represented by 
arrows 20 and 21, which stresses can lead to a shank 19 
rupturing as shown in Figure 3. The invention seeks to 
avoid such rupture in order to guarantee that the vacuum 
pump 1 continues to remain secured to the wall 2 of the 
stationary structure 3, even in the event of its rotor 
being destroyed while rotating at full speed. 

The modifications provided for this purpose by the 
present invention are shown in Figures 4 and 5 which show 
a particularly advantageous embodiment. 

In a vacuum pump fastener system of the invention, 
there is still the flange 14 on the pump body, of annular 
shape around the suction orifice 6, and for pressing 
against the wall 2 of a stationary structure such as 
vacuum enclosure. There are likewise through holes 16 in 



the flange 14 and tapped holes 15 in the wall 2, together 
with screws 17 having heads 18 and shanks 19. 

Each through hole 16 comprises a circularly 
cylindrical distal segment 16a of diameter Da followed by 
an enlarged proximal segment I6b that is circularly 
cylindrical about the same axis, of diameter Db greater 
than Da, and adjacent to the wall 2 of the stationary 
structure. It will thus be understood that when shear 
stress tends to displace the pump body 4 in any direction 
relative to the wall 2 of the stationary structure, the 
presence of the enlarged proximal segment 16b leaves room 
in the connection zone between the vacuum pump 1 and the 
stationary structure 3 for the screw shank 19 to bend, 
leading to a corresponding lateral offset between the 
through hole 16 and the associated tapped hole 15. By 
bending in this way, the ability of the screw 17 to 
withstand rupture is significantly increased. 

It will thus be understood that during such shear 
stress, the pump body 4 may move laterally until the 
shank 19 of the screw 17 comes into abutment against the 
side wall of the through hole 16 in its portion adjacent 
to the wall 2 of the stationary structure. For example, 
during displacement of the pump body 4 to the right in 
Figure 4, the shank 19 of the screw 17 can bend until the 
shank 19 comes to bear against the left-hand face 16c of 
the side wall of the through hole 16. In other words, 
the pump 4 can move until the left-hand face 16c of the 
through hole 16 comes into the vicinity of the tapped 
hole 15 in the wall 2. This displacement is represented 
by arrow D in Figure 4. This displacement D shows the 
amount of lateral offset that is possible between the 
through hole 16 and the associated tapped hole 15. 

It will be understood that this possible lateral 
offset D depends on the shape of the proximal segment 16b 
of the through hole 16. 

The shape of the proximal segment 16b is preferably 
such that during bending of the screw shank 19 until it 



comes into abutment against the side wall 16c of the 
proximal segment 16b, the lateral offset D is greater 
than the radius of the screw shank 19 (or half its 
diameter Dt) . Simultaneously, the proximal segment 16b 
should advantageously be of a length Lb that is greater 
than the length La of the distal segment 16a, This 
ensures that it is possible for the screw shank 19 to 
deform over a long length ot shank. 

In the embodiment shown in Figure 4, the proximal 
segment 16b comprises a proximal portion 115b of 
circularly cylindrical shape having diameter Db. which is 
connected to the distal segment 16a by a distal portion 
215b of circularly f rustoconical shape. The 
frustoconical distal portion 216b has a cone half-angle 
equal to about 60°. 

In order to further increase the bending capacity of 
the screw shank 19, it is possible to provide a screw 
that is of special shape as shown diagrammatically in 
Figure 4. Under such circumstances, the screw shank 19 
comprises, adjacent to the head 18, a smooth shank 
segment 19a of diameter Dt that is considerably smaller 
than the diameter Da of the distal segment 16a of the 
through hole 16. The smooth shank segment 19a is 
extended to the free end 19c of the shank 19 by a 
threaded segment 19b shaped for being screwed into the 
associated tapped hole 15 of the wall 2. The diameter Dt 
of the smooth shank segment 19a is preferably less than 
or equal to 80% of the diameter Da of the distal segment 
16a of the through hole 16. A diameter ratio lying in 
the range 70% to 80% can be suitable. 

The proximal segment 16b of the through hole 16 is 
also of a length Lb that is greater than or equal to 1.5 
times the length La of the distal segment 16a of the 
through hole 16. 

A washer 22 may be interposed between the head 18 of 
the screw 17 and the adjacent outside fane 14a of the 
flange 14. 
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In the embodiment shown in Figure 5, the flange 14 
has twelve through holes like the hole 16, each having 
two successive segments 16a and 16b on the same axis, the 
holes being regularly distributed in the annular flange 
14 around the suction orifice 6 of the vacuum pump 1. In 
a vacuum pump 1 held by a flange 14 of the DN 250 type, 
in accordance with the standards presently in force, the 
number of through holes 16 complies with the standards in 
force . 

Tests have shown that with a turbomolecular pump 
held by such a standardized 12 -hole flange passing screws 
as shown in Figures 2 and 3, destruction of the rotor of 
the vacuum pump causes the screws 17 to rupture in shear. 
In contrast, with the modifications of the invention as 
shown in Figure 4, tests have shown firstly that twelve 
screws engaged in twelve through holes 16 serve to hold 
the vacuum pump without the screws rupturing in the event 
of the rotor being destroyed. Furthermore, the same 
tests when performed with only nine screws have 
demonstrated that the modifications in accordance with 
the invention still enable the pump to be held without 
the nine screws rupturing in the event of a rotor running 
at full speed being destroyed. 

It can thus be considered that the modifications 
provided by the invention make it possible to guarantee 
that the vacuum pump will be held to a stationary 
structure in the event of its rotor becoming destroyed 
while running at full speed, with a safety margin of at 
least 30%. 

The system can be further improved by inserting an 
elastomer type damper material in the space between the 
screw shank 19 and the corresponding through hole 16 in 
the flange 14 . 

Naturally the invention applies not only to vacuum 
pumps fastened by means of a 12 -screw DN 250 flange, but 
also to vacuum pumps of other sizes fastened by other 
standardized flanges adapted to those sizes. 
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The present invention is 
embodiments described explici 
variants and generalizations 
of the following claims. 



not limited to the 
tly, but it includes the 
contained within the ambit 
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CLAIMS 

1. A fastener system for fastening a vacuum pump (1) to a 
wall (2) of a stationary structure (3), in which a 
coaxial annular flange (14) is provided on the vacuum 
pump body (4) around the suction orifice (6) , tapped 
holes (15) are provided in the wall (2) of the stationary 
structure (3), through holes (16) are provided in the 
coaxial annular flange (14), and screws (17) having heads 
(18) are fitted so that their shanks (19) pass through 
the through holes (16) and are screwed into the 
associated tapped holes (15) in order to secure the 
vacuum pump (1) to the stationary structure (3) while 
pressing the flange (14) against the wall (2) of the 
stationary structure (3), the system being characterized 
in that each through hole (16) comprises a distal segment 
(16a) that is circularly cylindrical followed by an 
enlarged proximal segment (16b) that is adjacent to the 
wall (2) of the stationary structure, making it possible, 
in the event of shear forces (20, 21) being applied in 
the connection zone between the vacuum pump (1) and the 
stationary structure (3), for the shank (19) of the screw 
to bend and for the through hole (16) to be offset 
laterally (D) correspondingly relative to the associated 
tapped hole (15) . 

2. A system according to claim 1, characterized in that 
the proximal segment (16b) of the through hole (16) is of 
a shape such that during bending of the screw shank (19) 
until it comes into abutment against the side wall (16c) 
of the proximal segment (16b) of the through hole (16), 
the lateral offset (D) that is possible between the 
through hole (16) and the associated tapped hole (16) is 
greater than the radius of the screw shank (19) ; and 
- the proximal segment (16b) of the through hole (16) is 
of a length (Lb) greater than the length (La) of the 
distal segment (16a) of the through hole (16). 
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3. A system according to claim 1 or claim 2, 
characterized in that the proximal segment (l6b) of the 
through hole (16) includes a circularly cylindrical 
proximal portion (116b) that is connected to the distal 

5 segment (I6a) of the through hole (16) by a circularly 
frustoconical distal portion (216b) . 

4. A system according to claim 3, characterized in that 
the frustoconical distal portion (216b) has a cone half- 

10 angle equal to about 60", 

5. A system according to any one of claims 1 to 4, 
characterized in that the screw shank (19) comprises, 
adjacent to the head (18), a smooth shank segment (I9a) 

15 of diameter (Dt) that is considerably smaller than the 
diameter (Da) of the distal segment (16a) of the screw 
hole (16) , and that is followed to a free end (I9c) by a 
threaded segment (19b) shaped to screw into the 
associated tapped hole (15) in the wall (2) . 

20 

6. A system according to claim 5, characterized in that 
the diameter (Dt) of the smooth shank segment (19a) is 
less than or equal to 80% of the diameter (Da) of the 
distal segment (16a) of the through hole (16) . 

25 

7. A system according to any one of claims 1 to 6, 
characterized in that the proximal segment (16b) of the 
through hole (16) is of a length (Lb) greater than or 
equal to 1.5 times the length (La) of the distal segment 

30 (16a) of the through hole (16). 

8. A system according to any one of claims 1 to 7, 
characterized in that a washer (22) is interposed between 
the head (18) of the screw (17) and the adjacent outside 

35 face (14a) of the flange (14) . 



9. A system according to any one of claims 1 to 8, 
characterized in that an elastomer type damper material 
is inserted in the space between the shank (19) of the 
screw and the corresponding through hole (16) of the 
flange (14) . 

10. A vacu-um pump (1) provided with a fastener flange 
(14) having through holes (15) in accordance with the 
system of claims 1 to 9. 



